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ABSTRACT: 1,3- amino-2, 4,6-trinitrovenzene, DATB, was pre-
pared in good yield from’ 2,3,4,6=tetranitroaniline, I, An cwo
steps. 3=Methoxy-2,4, G-trinitreamxme, 1I, was obtained by
tha resaction of mathnnol with tetranitroaniline and converted
directly to DATB, iIIl, by adding the methanolic reaction scliu-
tion to ammoniacal methanol, Alternstively DATB was obtainad
by the reaction ol benzene or acetune solutions of crystalline

“-methoxy-2,4,h=-trinitroanlline with ammoniacal methanol, Three
different crystal nabits were obtained depending upon reaction
conditions, DATB in large rod schaped crystal habit was made
by the addition of benzene solutions of 1,3-dimethoxy-2,H4,6-
trinitrobenzene, 1V, to ammoniacal metharnol.
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NAVORD Report 6225 15 Decsmber 1958

This re»ori describes the preparation of 1,3-diamino-
2,4,6-trinitrobenzene, DATB, by the amsonolysis of 3~methoxy-
2,4,6-trinitroaniline and 1, 3-dimethoxy-2,4,6-trinitrobenzens.
NAVORD Report 6016 is ihe initaal report descriding ths
preparsticn and properties of DATB. Other recent reports
concerni the latest work on this compound are NAVORD Rsports
620 and 6223.

Th‘’s work was performed under Task FR-44, Explosive
Synthosis. a3 part of a Tundamental investiggtion of nhigh
temperature at  bla expiosives,

MELL A. PETERSON
Captain, USN
Commmander
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HEAT RESTSTANT EXPLCIIVES V

1, 3=-Diamino-2, 4,u-trinitrobenzene, DATB,
by Ammonulysis of Methoxytrinitrobernzene Compounds

INTRODUCTION

Current military explosives are unusabl2 in high speed
migsdie warheads bmcause of decomposition induced by aero-
dynamic heating of the warhead, The Organic Chemistry Division
has been investigating the synthesis of new hlgh temperature
resistant explesives which would function after being subjected
teo high temperatures f'or a short period of time., One of these,
1,3-diamino~-2,4,6-trinitrobenzens, or DATB, was prepared and
given a preliminary evaluation (15. The evaluation revealed
that the compound was irszensitive to impact a2nd thermally stable
at S500°F (2060°C), A plastic bonded composition contdining
DATB with 5% binder had performonce energy avout equivslent to
TNT. DBecause i these properties and the reasonable avail-
ability of DATB, there has been considerable military interest
in 1t for special applications., Consequently this Idvision
has been improving the synthesia and determining physical
properties in support of the militsary program,

This report describes the synthesis of DATB from 3-methoxy-
2,4,6-trinitroaniiine and 1, 3~-dimethcxy=-2,4,6-t-initrobenzens,

DISCUSSION AND RESULTS

1. DATB from 3-Methoxy-2,4,6-trinitroaniline. In the initial
study, DATB was obtained principally by adding either s solution
of tetranitroanlline in Celloasolve or the crude solid compound
to ammonia in 50% methanol-water, The product cbtainsd by this
method had very good theéermal stability but wae obtained at the
cost of using large volumes of sclvent or, as an alternstive,
handling large quantities of the solld explosive intermediate.
In an experiment involving the addition of soild tetranitro-
aniline into the ammoniacal methanol it was noted that the
aniline stayed in solution for a few minutes before DATB praci-
pitated. On the premise that the DATB wes ceoming partially {rom
nuclecphilliec substitution of 3-methoxy-2,4,0-trinitroaniline

as well as from substitution of a nitro group by ammonis  some
DAYB was prepared by ammonolysis of pure methexytrinitroaniliine
to determine how easily DPATB may be oblained by a two-stage
reaction of tetranitroaniline to methoxytrinitroaniline to DATB.
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Although 1iritially the samples of DATB prepared in tuls way
were not ag thermally stable as the material obtained by direct
ammonolyais of tetranitroaniline, the process was studied
further and improved,

The intermediate S-methoxy-2,i4,6-trinitroaniline waa
readily prepared by heatling a sluiiry o crude tetranitroaniline
and methanalat rerlux temperature 1'ce a tew hours, The product
elther was isolated as Ulne light yellcw needlea, which melted
within one degree of the molilng peint of pure methoxytrinitro-
aniline, cor it waa i.s2d lmmediately iu .olution in the ammo-
nolysis step, The wine red reaction mother liquor contained
side reaciion products which probably resulted from reduction
reactions occurring during the methoxy compound formation and
f'rom the reaction of methanol with ty-products in the crude
tetranitroaniline, However, the by-products did not interfere
with the ammonolysis ol the methoxytrinitroaniline and DATB with
good thermal stability was made without isolating the intermediate.
Fortunately the impuritles from the tetranitroaniline preparation,
from the preparation of the methoxytrinitroaniline, and from the
ammonolysis itself remained in solution for the moat part., The
DATD was usugally discolored somewhat when prepared hy this two
stage procedure but nonetheless had acceptable thermal stability.

The 1solation of methoxytrinitrnaniline served as an easy
purification step which eliminated the accumulation of impuri-
ties from the crude tetranitroaniline and the methanolysis
reantlion. High ylelds cf DATE of good purity, as shown by the
vacuum stability test, were obtained by adding benzene or
acetone solutions of the methoxy compound to aqueous ammonia in
methanol, The reaction mother lijgquor was not deeply colored,
and the DATE for the most part was a light yelliow. An optimum
procedure which evolved irom a study of reaction conditiona
consisted of dissolving the methexytrinitroaniline in acetone
or benzene and adding this solation to aqueous ammonis in
methanol at 50°C,

Much &ffort was expended in determining whicn reaction
conditions would give ecryzstal habits other than thin plates,
and crystals large enough to be ground down to an optimum
smaller size and distribution for plastic bonding. As expected,
reaction coniitions had some effect, but only three general
types of crystals were obtalned with asauran:e of repvoduction,

Tesodr s mondt® 2 -

thin plates, twinned frsrpezcoid sharned rods {Mbutserilias"),

and equant pyramidal crystals. The former two habits ranged in

2
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aize from %0-100u in the longer dimension, and 20-40u in the
shorter, The experimental results evolved the following
general obeervations:

(a) Crystals of a particular habit obtalzed on a small
laboratory scale could not alweys be obtained upon scaling up,
even thcugh the procedure was repeated preclgely,

(b) The presence of watsr appeared to he necessary to
obtain larger cirystals and to reduce the amount »7 :s2cuciion
by~products,

(e) The addition of the methoxytrinitroaniline sclutions
to ammoniacal methanol rather than the reverse gsve larger,
better formed crystals.

d) Best results were obtained at a reactlion temperature
of 50%C % 5°. No particulsr advantage was observed at higher
temperatures and crystals of smaller particle size were
obtained st lower temperatures, Kapld stirring and diiute
reaction solutions permitted better crystal formation with
fewer occlusions in the crystals.

(e) Vacuuwm thermal stability at 260°C did not correlate
with either appearance or m2lting poilnt. QGood coior gnd sharp
melting puint did not indicate that the materlal would have
thermal stebility within ithe specification limits. In general,
DATB of the larger crystal sizeg underwent more decomposition,
probably because of crystal occlusions, The materials pre-
pared in this study gave between 3.0 - 8.7 cc of gas per gram
per hour &t 260°C in the vacuum thermal stability test,

(f) Methoxytriunitroaniline was easier to prepare and use
than ethoxy trinitroaniline,

2. DATB from 1,3-Dimethoxy-2,4,0-trinitrobenzene. On the
basis of the methoxytrinitroaniline experience, the ammonolysis
of 1,3-dimethoxy-2,%,6~-trinitrobenzene (2) was carried out

under the szme conditions. Te DATB from this lntermediate

wat iight lemon yellew and usually formed ag long rods, aome
being 200-300u in length, ._.eliing up of the laboratory
expariments was more pus~tewsiul ‘n this case, As in the methoxy-
t.rinitroanliline aystems, addivion of @& benzene solution of the
Gimethoxy comnound to ammoniacal methanol w

the reverse addition.

Taig 1% 3 '-‘3- Ter ihan

3
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1, DATB irom Tetranitroaniline Without Isclation of 3-Methoxy-
2,4,6-trInitroaniline.

(a) A solution of 5 ml of concentrated aqueous ammonia
in 100 ml ef methancl was placed in a 500 ml creased, 3-necked,
round bottom flask fitted with & mechanical stirrer and a
dropping funnel, Crude tetranitrovaniline, 10 g in 250 ml =acthanol,
wae converted to 3-methoxy-2,4,0-trinitroaniline by heatirg
briefly &t reflux with stirring. This solution waa then idded
dropwise during one hglf hour to the methanol ammonia solution
at 50°C., 1The solution became red and after about 3-5 minutes
the first precipitate appeared, The reactior mixture was
stirred for one half hour at 50°C after the addition o7 the
methoxytrinitroaniline was completed. The product was {iltered
of1, washed with methanol, and hot water and dried; yi=id,
7.2 g or O1%.

(b) A solution of 10 g crude tetranitroaniline in 250 ml
methanol in a 500 ml creased, 3-neck, round bottom flarsk fitted
with 8 mechanical stirrer and a reflux condenser was prepared
by heating the mixture to reflux for one half hour, Ammonia
zas8 was then admitted to the atmosphere above the solution,

The solution became deep red in cclor at once and after two
minutes a yellow crystalline precipitate began to form, The
reaction mixture was stirred at reflux temperature for one half
iiour with (requent addition of ammonia gas above the mixture,

The mixture was stirred one nalf hour after cooling and flltered,
The product was washed well with hot water and finally with
acetone; yield, 7.95 g, 89%. The crystals were triangular 1in
shape with average particle size of aboui 40-60 microns on the
slde,

2. Preparation of 3-Methoxy-2,4,6-trinitroaniline, A slurry of
250 ;7 cruds tetranitroanlline and I I1Leér of methan.l in a 3 liter,
J-necked round bottom flask fitted with a thermometer, wechani-
cal stirrer and reflux condenser was heated at reflux temgerature
for albout an hour, Complete sclution was not achieved, bSut the
change in form c¢i 80lid material from an amorphous solid to

vwell formed ne<dles was Indlcative of the completion >f th2 re-
action, The reaction mixture was cooled snd the product wae
filvered oi't, washed with methanol and ajr dried, The yie’d of
light yellow needles was 192 g or 77%; m.p. 134-5°C, uncorrected,

m
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3. DATB from 3-Methoxy-2,4,0~trinitroaniline.

(a) A creased, 2-liter 3~-neck round bottom rlask with a
mechanical stirrer and iwo dropping funrels, and containing
500 ml of methanoi and healed to 50° C by a water bath was use
for tne reaction. A solution ¢f 50 g of 3-methoxy-2,4,0-
trinitroaniline in 250 ml of &cetone was placed in one dropping
funriel and a solutlion of 27.5 ml of concentrated agueous
ammonia in 212.5 ml of methanol was placed in another dropping
funnel. A portion, 25 ml; of the methanol-amrionia solution first
was added to the methanol in the flask. Then both solutions
were added simultaneously and slowly durdng a two-hour periog,
Jways keeping the methanol-ammonia solution addition rete
sl4ghtly raster than the methoxy aniline solu.ion. Rapid,
turbuient stirring was maintained during the :reaction., The re-
action mixture was stirred for one-halt lour after completion
of the addition; then the orange colered crys:ialllne product
was flltered off, washed with methanol and ai: dried. The
vield was 38 g or 81%; m.p. 280-282°C. The crystalline
particles were fines mixed with 11l formec massive rounded
crystals, "potato" shaped (Fig. 1).

~
Q

(b) A solution of 10 ml of concentra:ed aqueous ammonia
in 250 ml of methanol was placed in a l-iifier 3-neck creased
rcund bottom rlask with a mechanical stirrer and dropping
funnel. A 3olution of 10 g of 3-methoxy-,4,o-trinitroaniline
dissolved in 2%0 ml of benzene was added drorwise during one
hour while maintaining the temperature at 5)°C. The reaction
mixture was stirred tor one hour after the addition of the
methoxy aniline solution was complete and then the product was
filtered off, washed with methanol anc &ir dried. It was an
orange yellow crystalline material, shaped ike thick rods but
somewhat a %lomerated (Fig. 2). The yield wss 8.5 g, 90%;
m,p. 282-284°C,

(c) A solution of 10 g 3~-methoxy-2,4,0~irinitroaniline
in 150 ml of methanol was prepared by warming on & steamm bath,
Ammonia gas was bubbled into this solution, dept warm on the
steam bath, The solution turned cherry red ‘mmediately on
addition of the gas and a yellow precipitate began to form in
2-3 minutesa., Precipitation was complete in about 15 minutes,
The solution was allowed to cool with oncasional shakingz. The
product was filtered off, washed with metnanocl, acetone, and
watar and dricd in an ouven at 90°C. ‘The yielc of yellow
crystalline product was 9.0 g or 95.83%, Tae c(rystals were a
mixture of rods a.d triangles, all thin plates,

5
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4, DATB from },3-Dimethoxy-2,4,6-trinitroaniline. A solu-
tion of 150 ml of concentrated aqueous cammonia in thgee liters
of methanol was placed in the flask &nd heatsd to 50°C.

A solution of 200 g of 1,3-dimethoxy-2,4,6-trinitrobenzenc iu
1200 @l ot benzene was added during 90 minutes with stiriring.
The tompsrabure varied between 50° and 65°C, Preclpitation
of the product astarted about three minutes arter the addition
wap Legun. ihe reaciicn mixture was stirred for an additional
30 minutes at 50°C, the product was then collected on =
Buchner funnel and washsd with methanol, After air drying the
produot weighed 165 g, and consisted of lemon yellow, well
formed rods, typically 80 x 200y (FPig. 3). A 3mall portion of
the product was dried at 100°C in a vacuum oven and the physical
properties were measured; m.p. 283-285°C, uncnrrected, thermal
stabllity at 250°C for two hours = 2.4 cc/g/hr.

A scaled up prapavation by this method used 755 g of 1,3~
dimethoxy-2, 4,6-trinitrobenzene and pilot pilant conditions
(an open stainiess steel, jacketed reaction vessel eguipped
with an efficient atirrer) and yielded 557 g of product, 78%,
which had ths following properties: m.p, 283.5-284,5°C, un-
corrected, bulk density Q.43 g/cc, thermsl stabllity at 260°C
for twWo hours = 3,6 g/ec/hr.
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FIG. | DATB FROM ACETONE SOLUTION OF 3-METHOXY-
2,4,6 ~TRINITROAN!LINE ADDED TO AMMONIACAL
METHANOL CI00X]1]
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FIG.2 DATB FROM BENZENE SOLUTION OF 3-METHOXY-
2,4,6 - TRINITROANILINE ADDED TO AMMONIACAL
METHANOL L{QOX]
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F1G.3 DATB FROM BENZENE SOLUTION OF 1,3~ DIMETHOXY-
2,4,6 - TRINITROBENZENE ADDED TO AMMONIACAL

MENTHANCOL LICOX]
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